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Adrenal incidentalomas are adrenal masses serendipitously detected during an imaging study performed for reasons unrelated to 
suspicion of adrenal disease. The incidence of adrenal incidentalomas has increased because of the widespread use of various im- 
aging modalities. In oncology patients with adrenal incidentalomas, the characterization of the adrenal masses is challenging be- 
cause nearly 50% of incidental adrenal masses are metastatic lesions that need special medical attention. Although unenhanced 
computed tomography (CT) densitometry, chemical shift magnetic resonance imaging (MRI), delayed contrast-enhanced CT and 
CT histogram analysis have been used as sensitive and specific modalities for differentiating benign from malignant adrenal 
masses, F-18 fluoro-2-deoxy-D-glucose positron emission tomography (F-18 FDG PET)/CT is a highly accurate imaging modal- 
ity compared to CT or MRI, especially when these two imaging modalities are combined. In addition, a semiquantitative analysis 
using standardized uptake value ratio further improves the diagnostic accuracy of F-18 FDG PET/CT in differentiating benign 
from malignant adrenal masses. Thus, F-18 FDG PET/CT is very helpful for determining the best therapeutic management, espe- 
cially for assessing the need for surgery. 
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INTRODUCTION 

Adrenal incidentalomas are adrenal masses, 1 cm or more in 
diameter, that are serendipitously detected during an imaging 
study performed for reasons unrelated to suspicion of adrenal 
disease [1]. The incidence of adrenal incidentalomas has in- 
creased because of the widespread use of imaging modalities, 
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such as computed tomography (CT), ultrasound, magnetic res- 
onance imaging (MRI), and 2-[F-18]-fluoro-2-deoxy-D-glu- 
cose positron emission tomography (F-18 FDG PET) or inte- 
grated PET/CT [2,3]. It has been estimated that the incidence 
of adrenal incidentalomas is 0.2% to 4.4%, increasing up to 
more than 10% in the elderly in imaging studies, and about 
2.0% (range, 1.0% to 8.7%) in autopsy studies [2,4]. 
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When adrenal incidentalomas are serendipitously detected 
during imaging studies of other organs or for nonadrenal dis- 
eases, clinical or biochemical evidence of hormonal hyperse- 
cretion should be accurately assessed [5]. On the other hand, in 
the absence of hormonal hypersecretion, imaging studies for 
risk assessment of malignancy are required, typically beginning 
with unenhanced CT densitometry of the abdomen [5]. When 
the unenhanced CT densitometry cannot differentiate between 
benign and malignant adrenal masses, chemical shift MRI or 
delayed contrast-enhanced CT can be used [1,2]. In oncology 
patients with adrenal incidentalomas, the characterization of 
adrenal masses is important in cancer staging, treatment plan- 
ning and prognosis assessment because nearly 50% of adrenal 
incidentalomas in oncology patients have been reported as me- 
tastases [6-8]. 

PET using the radiolabeled glucose analogue, F-18 FDG, is a 
functional imaging modality based on the detection of increased 
glucose metabolism of malignant tumors. Integrated PET/CT 
has high accuracy in differentiating benign from malignant tu- 
mors by providing metabolic rate information, anatomic char- 
acteristics, and localization of tumors. Similarly, metabolic 
characterization of F-18 FDG PET or PET/CT has been highly 
sensitive and specific in differentiating benign from malignant 
adrenal masses [6,7,9]. In this review, we present a comprehen- 
sive overview of the diagnostic performance of F-18 FDG PET/ 
CT and a brief introduction of other imaging modalities includ- 
ing unenhanced CT densitometry, chemical shift MRI, delayed 
contrast-enhanced CT and CT histogram analysis in the charac- 
terization of adrenal masses. 

UNENHANCED CT DENSITOMETRY 

Unenhanced CT has been the initial imaging modality of choice 
for the characterization of adrenal incidentalomas [3]. The size 
and CT features of adrenal incidentalomas are important for 
differentiating between benign and malignant adrenal masses 
[1]. Benign adrenal masses are associated with smooth, well- 
defined borders, diameter of 4 cm or less and an attenuation 
value of less than 10 Houndsfield unit (HU) on unenhanced CT 
[3]. On the other hand, malignant adrenal masses are associated 
with irregular borders, invasion into surrounding structures, di- 
ameter greater than 4 cm, and an attenuation value of more than 
10 HU on unenhanced CT [3,10]. Although a cutoff of 4 cm in 
adrenal mass size has been reported to be a reliable parameter 
for diagnosis of malignant adrenal mass, recent studies have 
shown that HU attenuation on unenhanced CT is superior pa- 
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rameter to adrenal mass size in differentiating between benign 
and malignant adrenal masses [2,10]. 

Most adrenal adenomas contain abundant intracellular lipids, 
whereas few malignant adrenal masses contain abundant intra- 
cellular lipids [11]. Previous studies have shown that a cutoff 
attenuation value of 10 HU or less on unenhanced CT has the 
best accuracy with 71% to 79% sensitivity and 96% to 98% 
specificity in differentiating adrenal adenomas from malignant 
adrenal masses [2,3,8,12]. Although 70% of adrenal adenomas 
contain abundant intracellular lipid and have an attenuation 
value of 10 HU or less on unenhanced CT, 30% of adrenal ade- 
nomas are lipid-poor masses with an attenuation value of great- 
er than 10 HU and are considered indeterminate [2,4,12,13]. 
This is the fundamental principle and the major limitation for 
differentiating adrenal adenomas from malignant adrenal mass- 
es on both unenhanced CT densitometry and chemical shift 
MRI [8,12]. 

CHEMICAL SHIFT MRI 

Chemical shift MRI, similar to unenhanced CT densitometry, 
depends on the detection of abundant intracellular lipids to di- 
agnose adrenal adenomas [2]. Unlike unenhanced CT densi- 
tometry, chemical shift MRI uses different resonant frequen- 
cies of water and triglyceride molecules rather than attenuation 
differences [11]. 

Previous studies have demonstrated that quantitative or 
qualitative analysis of the signal intensity loss of adrenal mass- 
es in relation to the spleen on in-phase and opposed-phase im- 
ages showed 84% to 100% sensitivity and 92% to 100% speci- 
ficity [2]. Generally, adrenal adenomas appear as hypointense 
or isointense in comparison with the liver on Tl -weighted im- 
ages and hyperintense or isointense to the liver on T2 -weight- 
ed images [2]. Korobkin et al. [14] found a negative linear re- 
lationship between the percentage of lipid-rich cells and the 
relative change in signal intensity on chemical shift MRI. Pre- 
vious studies have shown that for lipid-rich adenomas, there is 
no significant difference in differentiating adrenal adenomas 
from malignant adrenal masses between chemical shift MRI 
and unenhanced CT densitometry, but chemical shift MRI 
might be superior when evaluating lipid-poor adenomas with 
an attenuation value up to 30 HU [2]. 

The adrenal to spleen chemical shift ratio is the lesion to 
spleen signal intensity ratio on opposed phase images divided 
by the lesion to spleen signal intensity ratio on in-phase images 
[11,15]. An alternative measurement, the adrenal signal inten- 
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sity index, is calculated as [(Slip X SIop)/SIip] X 100, where Slip 
and Slop are the signal intensities measured on in-phase and 
opposed-phase images, respectively [11]. An adrenal to spleen 
chemical shift ratio of less than 0.71 or an adrenal signal inten- 
sity index of greater than 16.5% is consistent with a lipid-rich 
adenoma [11,15]. 

WASHOUT ON DELAYED CONTRAST- 
ENHANCED CT 

The percentage washout of injected contrast media on delayed 
contrast-enhanced CT can differentiate adrenal adenomas from 
malignant adrenal masses [2]. This is because malignant adre- 
nal masses show a slower contrast excretion, i.e., washout, due 
to disturbed permeability of the capillaries, in comparison to 
adrenal adenomas, although both malignant adrenal masses 
and adrenal adenomas enhance rapidly after intravenous con- 
trast administration [2,16]. There are two measurements to es- 
timate the percentage washout: absolute percentage washout 
(APW) and relative percentage washout (RPW). APW=(atten 
uation value at enhanced CT-attenuation value at delayed en- 
hanced CT)/(attenuation value at enhanced CT-attenuation 
value at unenhanced CT)X 100; and RPW = (attenuation value 
at enhanced CT-attenuation value at delayed enhanced CT)/at- 
tenuation value at enhanced CTX100 [2,16,17]. On a 15-min- 
ute delayed CT protocol, the use of a threshold value of 60% or 
higher for APW to differentiate adrenal adenomas from nonad- 
enomas, such as metastases, adrenocortical carcinomas, and 
pheochromocytomas, resulted in 86% to 100% sensitivity and 
83% to 92% specificity [2,16,17]. The use of a RPW threshold 
value of 40% to differentiate lipid-poor adenomas from nonad- 
enomas resulted in 82% to 97% sensitivity and 92% to 100% 
specificity [2,17]. 

CT HISTOGRAM ANALYSIS 

CT histogram analysis measures the number of negative-atten- 
uation pixels, i.e., pixels with an attenuation value of less than 
0 HU within a region of interest (ROI) and percentage fraction 
of negative pixels in each ROI [13,16]. The pixels in each ROI 
are processed with a histogram tool that reveals a plot of pixel 
attenuation along the X-axis versus the frequency of pixels at 
each attenuation value on the Y-axis [13]. A threshold of more 
than 10% negative pixels is generally used with unenhanced 
CT for differentiation of benign from malignant mass. Ho et al. 
[ 1 8] revealed that CT histogram analysis using a threshold of 
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more than 10% negative pixels with 84% sensitivity and 100% 
sensitivity was more accurate than unenhanced CT densitome- 
try using an attenuation value of less than 10 HU with 68% 
sensitivity and 100% specificity for the diagnosis of adrenal 
adenoma. Because 68% of adrenal adenomas were lipid-rich 
and all of the lipid-rich adenomas had more than 10% negative 
pixels, CT histogram analysis showed no false-positive results. 
A previous study also demonstrated that CT histogram analysis 
was very sensitive for lipid detection, particularly in lipid-poor 
adrenal adenomas with an attenuation value of more than 10 
HU [13]. Indeterminate adrenal masses classified on unen- 
hanced CT densitometry can be confidently diagnosed as lipid- 
poor adenomas using CT histogram analysis [18]. 

F-18 FDG PET/CT 

PET using the radiolabeled glucose analogue, F-18 FDG, is a 
functional imaging modality based on the detection of in- 
creased glucose metabolism of malignant tumors. Integrated 
PET/CT using F-18 FDG has high accuracy in differentiating 
benign from malignant tumors by providing metabolic rate in- 
formation by F-18 FDG, in addition to anatomic characteris- 
tics and localization of tumors by either unenhanced or en- 
hanced CT. It is widely accepted that F-18 FDG PET or PET/ 
CT is highly accurate in differentiating benign from malignant 
adrenal masses. Blake et al. [19] reported that F-18 FDG PET/ 
CT demonstrated 100% sensitivity and 93.8% specificity for 
the characterization of 41 adrenal masses, and only two of 32 
benign adrenal lesions (6.3%) showed false-positive results. 
After incorporation of the washout analysis with contrast-en- 
hanced CT, F-18 FDG PET/CT increased specificity to 100% 
because two adrenal lesions with false-positive PET finding 
for malignancy had been characterized as benign [19]. Boland 
et al. [20] revealed that F-18 FDG PET/CT had a sensitivity, 
specificity, positive predictive value (PPV), negative predic- 
tive value (NPV), and accuracy of 99%, 100%, 100%, 93%, 
and 99%, respectively, for detecting benign adrenal masses 
and 100%, 99%, 93%, 100%, and 99%, respectively, for de- 
tecting malignant adrenal masses. Yun et al. [21] also demon- 
strated that F-18 FDG PET showed excellent diagnostic per- 
formance in the characterization of adrenal masses detected on 
CT or MRI with 100% sensitivity, 94% specificity and 96% 
accuracy. A systematic review of meta-analysis results showed 
that most adrenal masses can be characterized using F-18 
FDG PET or PET/CT with high sensitivity (97%), specificity 
(91%), and accuracy (area under the receiver operating char- 
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acteristic (ROC) curve [AUC], 0.98) [6]. In addition, qualita- 
tive (visual) analysis alone can suffice for differentiating be- 
nign from malignant adrenal masses [6]. 

We have previously reported an excellent diagnostic accu- 
racy of F-18 FDG PET/CT in differentiating malignant from 
benign lesions. In our study for oncology patients who under- 
went F-18 FDG PET/CT for cancer staging and therapeutic 
monitoring, we used a standardized uptake values (SUV) ra tio, a 
semiquantitative parameter, for the characterization of adrenal 
masses. Maximum SUV (SUVmax) of the adrenal mass divided 
by maximum SUV of the segment 8 of the liver was defined 
as SUV ra tio [22]. We have reported that the size, HU, SUVmax, 
and SUVatio of 45 benign adrenal masses were 1.7+0.8, 6.5 + 
11.8, 0.9+1.2, and 0.9+0.4 cm, respectively, and of 44 malig- 
nant adrenal masses, 2.6+1.6, 22.0 + 11.9, 7.7 + 5.0, and 2.5 + 
1.8 cm, respectively [22]. The various parameters of malignant 
adrenal masses were significantly higher than that of benign 
adrenal masses. In ROC curve analysis, SUVratio (AUC, 0.892) 
was the most accurate parameter from among the size, HU, 
SUVmax, and SUVratio and SUVratio, and a cutoff of 1 .0 could 
differentiate benign from malignant adrenal adenomas with 
90.9% sensitivity and 75.6% specificity [22]. Fig. 1 illustrates 




a true-positive result and a true-negative result of F- 1 8 FDG 
PET/CT for the characterization of adrenal masses in oncolo- 
gy patients. 

Previous studies have demonstrated that the incidence of 
adrenal incidentalomas in patients with a history of extra-adre- 
nal malignancy ranges from 27% to 50%, whereas in patients 
with no history of malignancy or biochemical abnormality, al- 
most all adrenal incidentalomas have been benign [6,23]. The 
likelihood that an adrenal incidentaloma is malignant is also 
associated with whether or not the patient has a history of ex- 
tra-adrenal malignancy. 

In the characterization of adrenal masses by F-18 FDG 
PET/CT, a false-positive rate of 5% is reported due to signifi- 
cant FDG uptake in some adrenal adenomas, adrenal endothe- 
lial cysts, inflammatory, and infectious lesions [21]. False- 
negative results may be seen in adrenal metastatic lesions with 
hemorrhage or necrosis, small (<10 mm) metastatic nodules, 
and metastases from non-FDG avid malignancies including 
carcinoid and pulmonary bronchoalveolar carcinoma [24]. 

Metser et al. [7] reported that combined information from 
integration of F-18 FDG PET (a SUV cutoff of 3.1) with un- 
enhanced CT (an attenuation value cutoff of 10 FIU) is more 




Fig. 1. (A) A 63-year-old man with lung cancer underwent F-18 fluoro-2-deoxy-D-glucose positron emission tomography (FDG PET)/ 
computed tomography (CT). F-18 FDG PET/CT showed focal FDG uptake (maximum standardized uptake value, SUVmax 5.9) in the 
left adrenal mass (arrows) that was 2.7 cm in diameter. The SUV rat i 0 (SUVmax of the adrenal mass divided by SUVmax of the segment 8 of 
the liver) and Houndsfield unit (HU) of the adrenal mass were 1.7 and 5.5, respectively. On unenhanced abdominal CT, the adrenal mass 
was misinterpreted as benign, but this mass was considered metastatic based on the F-18 FDG PET/CT finding. After adrenalectomy, 
this adrenal mass proved to be metastatic. (B) A 50-year-old man with esophageal cancer underwent F-18 FDG PET/CT. F-18 FDG PET/ 
CT showed focal FDG uptake (SUVmax 3.8) in the left 1.4-cm adrenal mass (arrows). SUV rat io and HU of the adrenal mass were 0.9 and 
23.0, respectively. On unenhanced abdominal CT, this adrenal mass was misinterpreted as a malignancy, but the mass was considered 
benign based on the F-18 FDG PET/CT finding. It was stable in size for the next 9 months and proved to be benign. 
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specific than information from F-18 FDG PET alone for dif- 
ferentiating benign from malignant adrenal masses in oncolo- 
gy patients. When using PET/CT criteria of SUV of 3.1 or less 
for any HU and SUV greater than 3.1 for masses less than 10 
HU, the sensitivity, specificity, PPV and NPV were 100%, 
98%, 97%, and 100%, respectively [7]. Although it is known 
that PET is less sensitive and less specific for the characteriza- 
tion of smaller lesions, F-18 FDG PET has been shown to cor- 
rectly classify all small adrenal masses (1.5 cm or less in di- 
ameter) using a SUV cutoff of 3.1 [7]. Caoili et al. [25] dem- 
onstrated that unenhanced CT in combination with SUV ratio 
(adrenal/liver) with a cutoff of 1.0 differentiated adrenal ade- 
nomas from nonadenomas with 89% sensitivity and 75% 
specificity. F-18 FDG uptake in the adrenal mass that was vis- 
ibly less than that of the liver was more specific for adenoma, 
whereas F-18 FDG uptake by the adrenal mass that was visi- 
bly greater than that of the liver was specific for malignancy 
[25]. We have also reported that only SUV ra tio (adrenal/liver) 
with a cutoff of 1 .0 could differentiate benign from malignant 
adrenal masses with 80.0% sensitivity and 86.4% specificity 
for the characterization of small adrenal masses (1.5 cm or 
less in diameter) [25]. 

Perri et al. [13] reported that combined SUV and CT histo- 
gram analysis from F-18 FDG PET/CT showed 100% sensi- 
tivity, 97.3% specificity, 95.7% PPV, and 100% NPV for dif- 
ferentiating benign from malignant adrenal masses in oncolo- 
gy patients. In addition, combined SUV and CT histogram 
analysis (AUC, 0.996) was more accurate than simple SUV 
analysis (AUC, 0.961), and the combination of SUV analysis 
and unenhanced CT densitometry (AUC, 0.987) showed few 
false-positive results including one lipid-poor adenoma and 
one pheochromocytoma [13]. Pheochromocytomas are com- 
monly observed tumors of the adrenal glands and a variety of 
nuclear medicine imaging modalities have been used to cor- 
rectly localize pheochromocytomas. F-18 FDG PET imaging 
was not sufficient for differentiating metastatic adrenal mass 
from pheochromocytoma because both lesions take up F-18 
FDG [26]. Fig. 2 shows a true-positive result and a true-nega- 
tive result of F-18 FDG PET/CT for the characterization of 
adrenal masses in oncology patients. F-18 fluorodihydroxy- 
phenylalanine PET and F-18 fluorodopamine PET are promis- 
ing imaging modalities for the localization of pheochromocy- 
tomas [27]. 

It is known that surgery should be considered in patients 
who have adrenal masses with radiological features suggest- 
ing malignancy or hormonal hypersecretion, whereas patients 
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Fig. 2. A 57-year-old man with left adrenal mass underwent F-18 
fluoro-2-deoxy-D-glucose positron emission tomography (FDG 
PET)/computed tomography (CT) and 1-131 metaiodobenzylgua- 
nidine (MIBG) scintigraphy. (A) F-18 FDG PET/CT showed a 
4.0-cm hypermetabolic mass with maximum standardized uptake 
value of 4.1 (arrows). (B) 1-131 MIBG scintigraphy also showed 
focal tracer uptake in the left adrenal gland (arrows). After adre- 
nalectomy, this adrenal mass proved to be a pheochromocytoma. 

who have adrenal masses with nonsecretion of hormone and 
radiological features suggesting benignity should undergo bio- 
chemical and imaging follow-up [28]. Ansquer et al. [28] 
demonstrated that F-18 FDG PET/CT was negative in 31 of 
32 (97%) nonsurgical adrenal masses and positive in 35 of 49 
(73%) potentially surgical adrenal masses including 24 of 27 
(89%) malignant lesions and 12 of 22 (55%) benign, secreting 
lesions. Only one nonsecreting adrenal adenoma and all the 
malignant lesions, except three metastases from renal cell car- 
cinoma, were F-18 FDG positive. 

Thus, F-18 FDG uptake is a good indicator of malignant 
and/or secreting adrenal masses and should lead one to con- 
sider surgery. In contrast, in the absence of previous poorly 
FDG-avid cancer (especially renal cell carcinoma), low F-18 
FDG uptake on adrenal mass allow patients to avoid unneces- 
sary surgical removal of benign adrenal mass [28]. 

CONCLUSIONS 

F-18 FDG PET/CT is a highly accurate imaging modality for 
differentiating benign from malignant adrenal masses com- 
pared to CT or MRI, especially after incorporation of other CT 

www.e-enm.org 9 



Lee HJ, et al. 



image analyses, such as unenhanced CT densitometry, delayed 
contrast-enhanced CT and CT histogram analysis. In addition, 
using the SUV rat io (adrenal/liver), a semiquantitative parameter, 
can further improve diagnostic accuracy of F-18 FDG PET/CT 
in differentiating benign from malignant adrenal masses. High- 
ly accurate F-18 FDG PET/CT might help for making a deci- 
sion on the best therapeutic management in clinical practice, 
especially in determining whether to perform surgery. 
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